Background A classification system with four types of infected TKAs has been commonly used to determine treatment, especially with regard to whether the prosthesis should be removed or retained. Questions/purposes We asked whether (1) the classification-dictated treatment of the four types of infection after TKA would control infection and maintain functional TKA; (2) repeated débridement and two-stage TKA would further improve the infection control rate after initial treatment; and (3) fixation of TKA prosthesis to the host bone was achieved. Methods We retrospectively reviewed 114 patients with 116 infected TKAs. We determined the infection control rate after initial treatment, repeated débridement and twostage TKA. We evaluated the functional and radiographic results using the Knee Society and Hospital for Special Surgery knee scoring systems. The minimum followup was 2 years (mean, 5.6 years; range, 2-8 years). Results The overall infection control rate was 100% in all patients. All patients with early superficial postoperative infection, 94% of patients with early deep postoperative infection, 96% of patients with late chronic infection, and 86% of patients with acute hematogenous infection maintained functioning knee prosthesis at the final followup. One hundred nine of the 114 patients could walk with no or only slight pain and maintained functioning knee prostheses. These 109 patients had stable fixation of the TKA prosthesis to host bone. Conclusions The techniques proposed by the classification effectively controlled infection and maintained functional TKA with firm fixation of the TKA prosthesis in most patients. Repeated débridement and two-stage TKA further improved the control of infection and functional TKA after initial treatment.
Introduction
Several schemes have been proposed for classifying and staging of infection after TKA [2, 7, 14, 20, 31] and these systems have been used to determine treatment, especially with regard to whether the prosthesis should be removed or retained. These classification systems [2, 7, 14, 20, 31] are based on the clinical presentation of four types of infections after TKA or THA: (1) positive intraoperative culture; (2) early postoperative infection (superficial and deep); (3) late chronic infection; and (4) acute hematogenous infection. These systems have been used to determine treatment, especially with regard to whether the prosthesis should be removed or retained. Using the most appropriate treatment for a given type of infection after TKA is paramount for the control of infection, as reported by Segawa et al. [26] . In their study, the overall control rate of infection was 97% treated according to the four types of infection [26] .
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The reported control rates of treating deep infection of TKA have ranged from 20-68% for surgical débridement with retention of the prosthesis, 50-87% for one-stage exchange, and 56-100% for two-stage exchange [2-5, 11, 15-17, 19, 22, 24-28, 31-35] . Some authors suggest infection control rates are worse (around 83%) for chronic infections [6, 8, 14, 23, 26, 35] . However, all of these reports combined infection control rates for primary and revision TKAs and their infection control rates were variable. Relatively few studies [19] to date have focused on repeated débridement and two-stage TKA for infected TKAs.
To confirm previous reports we asked whether (1) the treatment according to the types of infection after TKA would control infection and maintain functional TKA; (2) repeated débridement and repeated two-stage revision would further improve the control rate of infection of the initial treatment; (3) durable fixation of a TKA prosthesis to the host bone would be achieved.
Patients and Methods
We retrospectively reviewed data for 121 prospectively followed patients with 123 infected TKAs who underwent revision TKAs between January 2001 and January 2007. Of the 121 patients, seven were lost to followup before 1 year, leaving 114 patients (116 knees) for review. The records of the 114 patients had been entered into an ongoing computerized database that was updated continuously. There were 30 men and 84 women with a mean age of 65 ± 9.4 years (range, 37-90 years). Their mean body mass index was 26.18 ± 3.56 kg/m 2 (range, 18.9-40.4 kg/ m 2 ). The minimum duration of followup monitoring was 2 years (mean, 5.6 ± 0.92 years; range, 2-8 years). The study was approved by the Institutional Review Board, and all patients provided written informed consent.
Infection after TKA was diagnosed if the patients fulfilled any one of the following criteria: (1) an abscess or sinus tract communicating with the joint space; (2) positive preoperative aspiration culture findings on solid media; (3) positive cultures on two or more intraoperative cultures; or (4) one positive culture on solid media in conjunction with the presence of gross purulence. In patients with negative cultures, infection was diagnosed when all or any of these following findings were present: elevated white blood cell (WBC) count and leukocyte differential of the aspirated fluid [30] We defined four types of infection in our study according to the classification system of Tsukayama et al. [31] : (I) Positive intraoperative culture; (II) Early postoperative infection; (III) Acute hematogenous; (IV) Late chronic. For their first class based only on positive cultures, a patient was considered to have an infection only when the same organism grew on culture of at least two intraoperative specimens obtained at the time of a revision; for this first class all of the revisions had to be for presumed aseptic loosening. In our series, however, no patient had aseptic loosening for revision and therefore no patient was classified as Type I. Tsukayama et al. [31] defined an early postoperative infection as a wound infection (superficial or deep) that developed less than 4 weeks after the index operation. An early superficial postoperative infection was diagnosed when, on direct visualization of an infected wound at the time of the operation, there was no extension of inflammation into the joint. We defined an early superficial postoperative infection as evidence of cellulitis and redness over the wound site with an elevated ESR and CRP level, but the findings on analysis of the aspirated joint fluid for absolute WBC count and percentage of neutrophils were normal and the culture results of aspirated joint fluid were negative. Twenty-nine knees (25%) had an early superficial infection. An early deep postoperative infection was defined as extension of inflammation into the joint [31] . Thirty-two knees (28%) had an early deep postoperative infection. A late chronic infection was one that developed C 4 weeks after the index operation and that had an insidious clinical presentation. Forty-eight knees (41%) had a late chronic infection. An acute hematogenous infection was defined as an association with documented or suspected antecedent onset of symptoms (severe pain and swelling within 48 hours) in the affected joint with the prosthesis [9] . Seven knees (6%) had an acute hematogenous infection.
We treated early superficial postoperative infections with an administration of a third-generation cephalosporin (1 g every 12 hours parenterally) for 2 to 6 weeks while monitoring patients' blood parameters and clinical response. Early deep postoperative infections were treated with débridement, replacement of the polyethylene insert of the tibial component, retention of the prosthesis, and intravenous administration of antibiotics for 6 weeks ( Table 2) . Late chronic infections were treated with two-stage revision. First, we performed débridement, removal of all of the prosthetic components and bone cement, and placement of a tobramycin-impregnated (1.2 g per 40-g batch of bone cement) mobile cement spacer. Antibiotics were administered intravenously for 6 weeks ( Table 2 ). After completion of antibiotic therapy, ESR, CRP levels, and total WBC count and differential in the joint aspirates were obtained and the patient was observed for 2 more weeks. If results of these tests showed no evidence of inflammation and there was no clinical evidence of recurrent infection, we performed delayed-exchange arthroplasty. Multiple cultures of specimens obtained during revision operations were performed to confirm infection eradication. The antibioticimpregnated spacer was removed and a Legacy Constrained Condylar Knee prosthesis (LCCK; Zimmer, Warsaw, IN) was inserted and fixed with antibiotic-impregnated bone . Acute hematogenous infections were treated with débridement, replacement of the polyethylene insert, retention of the prosthesis if it was not loose, and intravenous administration of antibiotics for six weeks. Specimens of periprosthetic tissue (including the joint capsule, synovial lining, intramedullary material from curettage, granulation tissue, and bone fragments) were obtained during the revision procedure, or when the prosthesis was removed because of an infection, and were evaluated histologically. We used the criterion of acute inflammation (more than five polymorphonuclear leukocytes per high-power field) described by Mirra et al. [18] . Cultures of material obtained from the knee and by swabbing of the prosthesis as well as cultures of periprosthetic tissue were obtained. A minimum of five cultures was obtained for each patient, and all cultures were evaluated for aerobic, anaerobic, fungus, and tuberculous bacilli growth. Cultures that showed growth only in broth were not considered to be a positive finding.
On the second day after surgery, a continuous passive motion machine was used for passive ROM exercise twice daily for 30 minutes each time. The machine settings were advanced incrementally under the supervision of a physical therapist. Also, patients performed active ROM exercises under the supervision of a physical therapist. On the second postoperative day they began standing at the bedside or walking with crutches or a walker twice daily for 30 minutes, each time under the supervision of a physical therapist. Patients used crutches or a walker with full weightbearing for 6 weeks and then with a cane as needed thereafter. No patient received outpatient physiotherapy after discharge from the hospital.
Routine followup evaluation was scheduled at postoperative intervals of 6 weeks, 3 months, 6 months, 1 year, and yearly thereafter. At these intervals, we evaluated the patients and obtained radiographs. Preoperative and postoperative review data were recorded according to the systems of the Knee Society (KS) [12] and the Hospital for Special Surgery (HSS) [13] . All of the knees were evaluated by one observer (YWC) who was not connected with the original surgery, and the data were entered into a computerized record.
The criteria for infection control were: no pain or swelling; no wound drainage; normal serology (ESR \ 20 mm/hr, CRP level \ 0.5 mg/dL); a synovial fluid leukocyte differential of less than 65% neutrophils (or a leukocyte count \ 1.7 9 10 3 /uL); and a normal radiographic finding for at least 2 years after the end of antibiotic therapy along with a functional knee with a knee prosthesis in place at the time of the latest followup [30] . For a knee to be considered functional, there had to be no or only slight pain upon walking (with or without the use of a cane) and no radiographic findings, such as progressive osteolysis or loosening of the prosthetic components that indicated a need for immediate or impending surgical intervention. If the initial treatment failed, we recorded the number and type of subsequent courses of treatment that were attempted. In some instances, infection eradication was achieved only after multiple courses of treatment.
One (YHK) of us evaluated the final radiographs. We defined radiographic loosening as a complete radiolucent line of C 2 mm in width at the bone-cement or prosthesiscement interface or shift in position of a component or components on serial radiographic examination [14] .
The differences among the four groups for discrete variables (including age, period of followup, CRP, ESR, leukocyte count, and leukocyte differential) were compared using Fisher's exact probability two-tailed test. Logistic regression was used to assess the rate of failure associated with the different types of infection. One-way analysis of variance was used to confirm differences among the four groups with respect to the final clinical score. The level of significance was set at p \ 0.05. All analyses were performed with SPSS, Version 14.0 (SPSS Inc, Chicago, IL).
Results
The initial course of treatment was successful for 28 of 29 knees (97%) with early superficial infection ( Table 3) , 27 of 32 knees (84%) with early deep postoperative infection ( Table 4 ), 38 of 48 knees (79%) with late chronic postoperative infection (Table 5) , and two of seven knees with acute hematogenous infection ( Table 6) .
Infection control and maintenance of functional TKA after first treatment were further improved by repeated débridement and repeated two-stage TKA ( Table 7) . At the last evaluation, all 29 knees (100%) with early superficial infection, 30 of 32 knees (94%) with early deep infections, 46 of 48 knees (96%) with late chronic infections, and six of seven knees with acute hematogenous infections maintained functioning total knee prostheses ( Table 7) . The mean KS knee and functional scores and HSS knee scores in the entire group were 87, 77, and 84 points, respectively, at the most recent evaluation. One hundred nine patients were able to walk with no or only slight pain (some with the assistance of a cane). All of the 111 knees that obtained functioning TKA prostheses had stable fixation of the prosthesis to host bone. None of these 111 knees had evidence of a shift in the position of a component or of progressive osteolysis that would have indicated a need for immediate or impending surgical intervention. A 63-year-old woman with advanced osteoarthritis of both knees underwent a bilateral simultaneous TKA with an Omnifit prosthesis (Stryker, Mahwah, NJ). Early postoperative deep infection (1 week after surgery) developed in the left knee. The knee was treated with débridement, tibial insert exchange, and intravenous antibiotics for 6 weeks. The infection recurred, and she underwent delayed-exchange revision TKA with an LCS rotating platform prosthesis (DePuy, Warsaw, IN) ( Fig. 1A) . However, the infection recurred yet again, and she underwent a second delayed-exchange revision TKA with a NexGen PS prosthesis (Zimmer, Warsaw, IN) ( Fig. 1B) . Infection recurred again, and arthrodesis of the knee was performed. One year after arthrodesis of the left knee, TKA was carried out using a Legacy Condylar Constrained Knee (LCCK) prosthesis (Zimmer) after a fusion takedown (Fig. 1C) .
Discussion
Using the most appropriate treatment for a given type of infection after TKA is paramount for controlling the infection. Classification using four types of infected TKA has been used to guide treatment, especially with regard to whether the prosthesis should be removed or retained. We asked whether (1) treatment according to the four types of infection after TKA would control infection and maintain functional TKA; (2) repeated débridement and repeated two-stage TKA would further improve the infection control rate and functional TKA after the initial treatment; and (3) fixation of the TKA prosthesis to host bone would be achieved.
We note several limitations. First, although all patients in this study were prospectively followed, the design of the study was to retrospectively test our classification-based treatment algorithm for infected TKA with a hypothesis that it would be successful. Second, owing to limited patient numbers, we were unable to analyze data for patients stratified according to infecting organism. It is possible that the infection control after infected TKA was influenced by the virulence of the infecting organism. Third, the pain and function scores of a revision of TKA are difficult to assess because they are influenced by many factors: the etiology of failure, the extent of bone loss, the quality of the soft tissues, the reconstruction technique, the adequacy of rehabilitation, patient compliance, the duration of followup, and the mode of assessment. None of these factors were analyzed in this study because the sample size was too small. Thus, more cases must be studied to analyze the pain and function scores of revisions of infected TKA. Finally, considering that the number of reinfections increased with time [8] , the followup of some patients may be too short to ensure all infections were indeed controlled. However, we included all patients regardless of the cause or presentation of infection and had complete followup on all patients. We presume the percentage of any subsequent infections would be small and not alter our conclusions. Because of the risk of subsequent deep infection [16, 26] , superficial infection should be treated intensively [17, 22, 33] (Table 8 ). For the 28 of 29 patients with early superficial postoperative infection in our study, 2 to 6 weeks of antibiotics was sufficient to eradicate infection. In our series, the overall infection control rate of the initial treatment was 72%. This infection control rate is substantially worse than 81% reported in other series [26] . One reason for the worse result is the high incidence (28%) of methicillin-resistant Staphylococcus aureus and Gram-negative bacilli among our patients. Another possible reason is the problems inherent in soft tissue healing. A knee that has undergone surgery lies superficially beneath the skin and the fascia envelope and is covered by a limited amount of well-vascularized muscle. The so-called watershed area of the vascular supply to the skin that lies anteriorly in the path of the typical skin incisions is a potential area of impaired wound healing [1] . In various series ranging in size from five to 35 infections, the overall infection control rate associated with the use of irrigation and débridement for the treatment of early deep postoperative infection ranged from 0% to 100% [2, 10, 19, 21, 25, 29] (Table 8 ). Mont et al. [19] reported that a protocol of multiple débridements was successful for the treatment of 10 of 10 early deep postoperative infections (defined as those that occurred \ 4 weeks after the index arthroplasty). In our study, the success rate of initial treatment in the early deep postoperative infection was 84%, which is higher than the 50% reported for other series [26] . The infection control rate was improved to 100% after repeated débridement and repeated two-stage revision. The infection control rate of the initial treatment in the late chronic infection in our series (79%) was slightly worse than the 83% reported for other series [26] . After repeated débridement and repeated two-stage revision, the infection control rate improved to 100%. The infection control rate in our study (100%; 48 of 48 infections) is better than the rates reported by others [2, 6, 8, 9, 14, 23, 35] (Table 8 ). In our study, seven knees with late chronic infection had good control of infection after the second two-stage revision. We believe at least two attempts at twostage revision are worthwhile for the treatment of late chronic infection. The infection control rate (29%) of the first course of treatment (retention of the prosthesis, débridement, and antibiotics for 6 weeks) for acute hematogenous infection in our series was lower than the rates reported by others [1, 19, 26] (Table 8 ). We are not certain why this was the case.
Segawa et al. [26] reported five of 10 patients with early deep postoperative infection, all 13 patients with early superficial postoperative infections, and 24 of 29 with late chronic postoperative infections were able to walk with no or only slight pain (some with the assistance of a cane). None of their patients had radiographic findings (such as evidence of implant migration or progressive osteolysis) that would have indicated a need for immediate or impending surgical intervention. In our study, 109 patients (111 knees) of 114 patients (116 knees) were able to walk with no or only slight pain (some with the assistance of a cane). None of our patients had component migration or progressive osteolysis that would have indicated a need for immediate or impending surgical intervention. The data suggest that treatment according to four types of infection after TKA controlled infection and maintained functional TKA with a firm level of fixation for most patients. Repeated débridement and two-stage TKA further improved the infection control rate after the initial treatment and increased the likelihood of maintaining a functional TKA.
